Competition and binding of arginine, imidazole, and aminoguanidine to endothelial nitric oxide synthase: aminoguanidine is a poor model for substrate, intermediate, and arginine analog inhibitor binding.
The oxygenase domains of nitric oxide synthases are unusual in that they contain at least three ligand binding sites; these correspond to the axial heme ligand position, the substrate binding site, and the pterin binding site. Ligands can occupy portions of a site or extend into regions of adjacent sites. Depending on the size, shape, and binding mode of ligands to these positions, cooperative and anticooperative interactions mediated conformationally and by binding domain overlap can be observed. In the present study we describe competition between arginine and imidazole at the axial heme ligand position; a second imidazole, which occupies part of the arginine site in some crystal structures, is too weak to contribute to the equilibria. All spectroscopic titrations using imidazole competition depend on displacement of the heme axial imidazole ligand, which drives the ferriheme low spin. Aminoguanidine, a partial arginine analog, has multiple binding modes. It is somewhat competitive with arginine; a ternary complex forms, but the K(d) for arginine increases from 1 to 15 microM in the presence of saturating aminoguanidine. Aminoguanidine competition with imidazole is very weak, amounting to approximately a factor of two increase in K(d). This implies that aminoguanidine has multiple binding modes and is not well described as an arginine analog. The major binding mode occupies part of the binding site but does not extend into the imidazole axial ligand binding domain and probably corresponds to the crystal structure. The other binding mode is not significantly overlapped with the arginine site.